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INTRODUCTION 
Food is the basic of all human needs, so agriculture in the broader sense 
will remain the most important human activity. Agriculture encompasses all 
terrestrial activities that provide food, feed and fiber and includes crops, 
animals, forest and aquatic products. Agricultural production is important for 
food security because it is a source of income for the majority of the rural poor. 
Two thirds of the world's agricultural value added is created in developing 
countries. The onset of global wanning and the resulted global climate change 
triggered by accelerated industrialization, intensification of agriculture, 
infrastructure, and unsustainable lifestyles is a major threat to agriculture and 
food security in this century. 
India is predominantly an agricultural country with more than 70 per 
cent of its total working population engaged in agriculture. It accounts for more 
than half of the total national income and it is therefore, the mainstay of Indian 
economy. Agriculture is one of the strongholds of the Indian economy and 
accounts for 18.5 per cent of the country's gross domestic product (GDP) 
(Kumar and Surabhi, 2006). Green revolution introduced use of improved 
inputs- fertilizers, pesticides, seeds and irrigation facility. But the impact of 
green revolution was mostly evident in areas with irrigation facilities. 
Agriculture being constramed by availability of land, the productivity remains 
the most crucial factor based on which is the future of India's food security. 
Long term food security goal can only be attained if there is sustainable 
agriculture. Over the next three decades, production of food grains in India has 
to increase at least 2 million tons a year to meet the food demand of the 
growing population (Paroda and Kumar, 2000). Agriculture in India has a long 
history dating back to ten thousand years. Today, India ranks second 
worldwide in farm output. Despite a steady decline of its share in the GDP, is 
still the largest economic sector and plays a significant role in the overall 
socio-economic development of India. In India annual crop losses are 
estimated at Rs.6, 000 to 7,000 crores, Bannerji et al. (1988) of these 26 
percent loss is caused by insects and rodents, while weeds, diseases, birds and 
nematodes etc account for the rest. Every year 1 out of every 5 tons of the 
production is claimed by insects (Bannerji et al, 1988). Agriculture is set to 
play a more dynamic role in the economy, with the government's increased 
focus on the sector. In the 2009-10 budget, the government has taken many 
steps to aid the growth of the sector and focus on the achievement of self-
sufficiency in food grains. 
Insects are chief rivals of human beings because of the fact that both men 
and insects compete with each other for food and shelter. The degree of harm 
caused by the insect pests varies considerably with the particular species of 
insect concerned by frequency of occurrence and density of pest population, the 
prevailing circumstances and the nature of the host. An insect species may not be 
important at low population densities but when the number increases under 
certain circumstances, they can cause great harm and become pests (Yondeowei 
and Service, 1986). 
Grasshopper (Orthoptera: Acrididae) name applied to almost 9,000 
different species of singing, jumping insects in two families of the order 
Orthoptera. Grasshoppers are long, slender, winged insects with powerful hind 
legs and strong mandibles, or mouthparts, adapted for chewing. They range from 
V2'" to 4 '". (1-10 cm) in length. Grasshoppers represent perhaps the most 
conspicuous of all insect pests and are abundant insects of dry grassland and 
desert. When populations of these insects build up, certain species exhibit 
gregarious and migratory behavior, leading to the formation of spectacular 
swarms. From their mention in the Bible to current media reports, these 
grasshoppers plagues attract public attention in a way that no other insects do; 
the image of a flying swann of grasshoppers from the desert descending onto 
crops never fails to stir the human conscience. 
Grasshoppers are major economic pests of crops and grasslands 
throughout the world's dry zones. Grasshoppers eat plants, but most specialize 
on grasses or broadleaf plants. As nymphs, grasshoppers tend to congregate and 
remain near their hatching areas. Grasshoppers eat plant material and may 
damage crops. Grasshoppers and locusts generally have very high reproductive 
rates and are able to respond to favorable climatic conditions with rapid 
population increases. For some species, such as the desert locust, developmental 
times can be relatively short (and get even shorter following gregarization at 
high densities) and breeding 
A pesticide is any substance or mixture of substance intended for 
preventing, destroying, repelling or mitigating any pest. A pesticide may be a 
chemical substance, biological agent (such as a virus or bacterium), anti-
microbial, disinfectant or device used against any pest. Pests include insects, 
plant pathogens, weeds, mollusks, birds, mammals, fish, nematodes 
(roundworms), and microbes that destroy property, spread disease or are a 
vector for disease or cause a nuisance. Although there are benefits to the use of 
pesticides, there are also drawbacks, such as potential toxicity to humans and 
other animals. 
Integrated Pest Management (IPM) is an effective and environmentally 
sensitive approach to pest management that relies on a combination of 
common-sense practices. IPM programs use current, comprehensive 
information on the life cycles of pests and their interaction with the 
environment. This information, in combination with available pest control 
methods, is used to manage pest damage by the most economical means, and 
with the least possible hazard to people, property, and the environment. 
IPM takes advantage of all appropriate pest management options 
including, the judicious use of pesticides. Pest control refers to the regulation 
or management of a species defined as a pest, usually because it is perceived to 
be detrimental to a person's health, the ecology or the economy. Pest control is 
at least as old as agriculture, as there has always been a need to keep crops free 
from pests. In order to maximize food production, it is advantageous to protect 
crops from competing species of plants, as well as from herbivores competing 
with humans. Once monitoring, identification, and action thresholds indicate 
that pest control is required, and preventive methods are no longer effective or 
available, IPM programs then evaluate the proper control method both for 
effectiveness and risk. 
If ftirther monitoring, identifications and acfion thresholds indicate that 
less risky controls are not working, then additional pest control methods would 
be employed, such as targeted spraying of pesticides. Broadcast spraying of 
non-specific pesficides is a last resort. Basic tacdcs of IPM were proposed and 
used to defend crop plants against the ravages of pests long before that 
expression was coined. Throughout the late nineteenth and early twentieth 
century, in the absence of powerful pesficides, crop protecfion specialists relied 
on knowledge of pest biology and cultural practices to produce multitactical 
control strategies that, in some instances, were precursors of modem IPM 
systems. During the first half of the twentieth century, economic entomology 
was the sub discipline responsible for research and teaching about 
economically important insect species. Pest control was understood as the set 
of actions taken to avoid, attenuate, or delay the impact of pests on crops or 
domestic animals. Goals and procedures of pest control were clearly 
understood. That stance changed in the early 1940s with the advent of organo-
synthetic insecticides when protection specialists began to focus on testing 
chemicals, to the detriment of studying pest biology and non insecticidal 
methods of control. The period from the late 1940s through the mid-1960s has 
been called the dark ages of pest control. By the late 1950s, however, warnings 
about the risks of the preponderance of insecticides in pest control began to be 
heard. 
Chemical pesticides have been the mainstay of control operations against 
locusts and grasshoppers for decades (Steedman, 1990). Chemical pesticides 
date back 4,500 years, when the Sumerians used sulfur compounds as 
insecticides. The Rig Veda, which is about 4,000 years old, also mentions the 
use of poisonous plants for pest control. Ancient Chinese and Egyptian cultures 
are known to have used chemical pest controls. But it was only with the 
industrialization and meciianization of agriculture in the 18th and 19th century, 
and the introduction of the insecticides pyrethrum and derris that chemical pest 
control became widespread. In the 20th century, the discovery of several 
synthetic insecticides, such as DDT, and herbicides boosted this development. 
Chemical pest control is still the predominant type of pest control today, 
although its long-term effects led to a renewed interest in traditional and 
biological pest control towards the end of the 20th century. They can also 
improve the nutritional value of food and sometimes its safety. If pest numbers 
are suppressed by many farmers at once, it can have an area-wide effect - in 
other words, the source population for infection or infestation of ftiture crops is 
reduced. The threat to subsequent crops is therefore much lower even without 
future interventions. If pest numbers are suppressed by many farmers at once, it 
can have an area-wide effect - in other words, the source population for 
infection or infestation of future crops is reduced. The threat to subsequent 
crops is therefore much lower, even without future interventions 
This is dependent on there not being effective alternative hosts outside 
the cropped areas nor high pest mobility that allows rapid re-infestation from a 
far. Pesticides have had a key role in improving productivity to such an extent 
that India, a former country of famine has quadrupled grain production since 
1951 (Paroda and Kumar, 2000) and now not only feeds itself but exports 
produce (100m tons in 2003 - Indian export stats). Similarly outputs and 
productivity have increased dramatically in most countries, for example, wheat 
yields in the United Kingdom rose from 2.5 t/ha in 1948 to 7.5 t./ha in 1997 
(Austin, 1998). Com yields in the USA went from 30 bushels per acre to over a 
hundred per acre over the period from 1920 to 1980 (Purdue, 2006). Increases 
in productivity have been due to several factors including use of fertilizer, 
better varieties and use of machinery. However, pesticides have been an 
integral part of the process by reducing losses from the weeds, diseases and 
pests that can markedly reduce the amount of harvestable produce. 
Since chemical insecticides are often the only effective remedy for 
quickly and inexpensively reducing pest population below economic injury 
levels, the present investigation was therefore undertaken to study the efficacy 
of two commonly used synthetic insecticides i.e. cypermethrin and spinosad on 
Acrida exaltata (Walker). The parameters thoroughly investigated included 
growth, development, growth index, hatching, and percent mortality. The 
present investigation aims to contribute to the existing knowledge in the field 
of insecticide toxicity on agriculturally important pests under different 
conditions of time and temperature. 
REVIEW OF LITREATURE 
A pesticide is any substance or mixture of substances intended for 
preventing, destroying, repelling or mitigating any pest. A pesticide may be a 
chemical substance, biological agent (such as a virus or bacterium), anti-
microbial, disinfectant or device used against any pest. Pests include insects, 
plant pathogens, weeds, molluscs, birds, mammals, fish, nematodes 
(roundworms), and microbes that destroy property, spread disease, are a vector 
for disease or cause a nuisance. Although there are benefits to the use of 
pesticides, there are also drawbacks, such as potential toxicity to humans and 
other animals. 
Pesticides can be classified by target organism, chemical structure, and 
phj'sical state. Pesticides can also be classified as inorganic, synthetic or 
biological (Biopesticides). Biopesticides include microbial pesticides and 
biochemical pesticides. Plant-derived pesticides or botanicals have been 
developing quickly. These include the pyrethroids, rotenoids, nicotinoids, and a 
fourth group that includes strychnine and scilliroside. 
Many pesticides can be grouped into chemical families. Prominent 
insecticide families include organochlorines, organophosphates, and 
carbamates. Organochlorine hydrocarbons (e.g. DDT) could be separated into 
dichlorodiphenylethanes, cyclodiene compounds, and other related compounds. 
They operate by disrupting the sodium and potassium balance of the nerve 
fiber, forcing the nerve to transmit continuously (Molleman et al, 1989). Their 
toxicities vary greatly, but they have been phased out because of their 
persistence and potential to bioaccumulate. Organophosphate and carbamates 
largely replaced organochlorines. Both operate through inhibiting the enzyme 
acetyl -cholinesterase, allowing acetylcholine to transfer nerve impulses 
indefinitely and causing a variety of symptoms such as weakness or paralysis 
(Edward 2008). Organophosphates are quite toxic to vertebrates, and have in 
some cases been replaced by less toxic carbamates. 
Historical account 
Since before 20 BC, humans have utilized pesticides to protect their 
crops. The first known pesticide was elemental sulfur dusting used in ancient 
Sumer about 4,500 years ago in ancient Mesopotamia. By the 15th century, 
toxic chemicals such as arsenic, mercury and lead were being applied to crops 
to kill pests. In the 17th century, nicofine sulfate was extracted from tobacco 
leaves for use as an insecticide. The 19th century saw the introduction of two 
more natural pesticides, pyrethrum, which is derived from chrysanthemums 
and rotenone, which is derived from the roots of tropical vegetables. Until the 
1950s, arsenic-based pesticides were dominant. Paul MuUer discovered that 
DDT was a very effective insecticide. Organochlorines such as DDT were 
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dominant, but they were replaced in the U.S. by organophosphates and 
carbamates by 1975. Since then, pyrethrin compounds have become the 
dominant insecticide. Herbicides became common in the 1960s, lead by 
triazine and other nitrogen-based compounds, carboxylic acids such as 2, 4-
dichlorophenoxyacetic acid, and glyphosate. 
In the 1940s manufacturers began to produce large amounts of synthetic 
pesticides and their use became widespread. Some sources consider the 1940s 
and 1950s to have been the start of the pesticide era. Pesticide use has 
increased 50-fold since 1950 and 2.3 million tons (2.5 million short tons) of 
industrial pesticides are now used each year (Yudelman et al, 1988). Seventy-
five percent of all pesticides in the world are used in developed countries, but 
use in developing countries is increasing. 
Role of insect pest in agriculture 
Since time immemorial man has been at constant war with the insect 
pest. Insects evolved on the earth much before the man came to exist. Insects 
compete for the food, adversely affect his dwellings as well as destroy the 
fibers, basic requirements of human life and above all affect human health. 
An insect species may not be important at low population densities but when 
the number increases under certain circumstances, they can cause great harm 
and become pests (Yondeowei and Service, 1986). The great reproductive 
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capacity of insects and the feature of their growth and development have 
enhanced their ability to persist even in unfavorable environments. The ability 
to lay large number of eggs, combined with a relatively short generation time, 
produce a great amount of genetic variability that can be tested against the 
environment. The result is rapid adaptation of populations to changing 
environmental conditions and formation of new species. These major features, 
collectively unique to insects, were combined with great changes in physical 
conditions and habitat on the land. Together, they caused tremendous radiation 
of species and subsequent persistence of these through geological times. 
In India pest and crop diseases cause a heavy loss of about 5000 crores 
annually by damaging crops of great agricultural economic importance and 
every year 1 out of every 5 tons of the production is also claimed by insects 
(Banerji et al. 1988). Worldwide the annual post harvest losses caused by 
insect's damage, microbial deterioration and other factors are estimated to be 
10-25 per cent, Mathews (1993). It was observed that 25-40 per cent of food 
produced is destroyed or consumed by the pests at pre and post harvest stage 
and crop worth Rs 12,000 crores are just eaten away by pests (Shroff et al, 
2000). 
Grasshoppers constitute an economically important group of 
orthopterous pests that infest a number of cultivated and non- cultivated crops. 
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They cause considerable damage to agricultural crops, pastures and forests and 
are well reputed for their destructiveness all over the world. Grasshoppers have 
invaded green crops from the earliest days to present time. Grasshopper species 
compete with humans for plant resources all over the world, (Dempster, 1963). 
In Africa, Australia and Asia, the grasshoppers are generally termed as Locusts 
for their aggressiveness, gregariousness and swarm farming behaviour. 
Entomologists have made exhaustive studies on the biology, morphology 
and behaviour of these insects, whose members cause extensive damage to 
different crops. They have long been regarded as one of the most important 
group of agricultural pests. As a group they are phytophagous in nymphal as 
well as adult stages. 
No stretch of land is free from grasshoppers, which almost invariably 
become major pests of crop. Their devastation may be less spectacular than 
those caused by locusts but they are more persistent so that the effect on 
agriculture production and particularly on planned development in much more 
serious than caused by locusts. 
Grasshopper population in north India is assuming new dimensions and 
needs immediate attention. If their population remains unchecked for long, they 
may assume the status of locusts in making,) and may prove very detrimental 
to human dwellings (Rizvi, 1985). The distribution pattern of grasshoppers is 
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changing rapidly due to encroachment of grasslands and forests for agricultural 
and industrial purposes. The species which were once abundant in the 
grassland and forest areas and never considered as pests now occur in huge 
numbers in the crop fields in the in the form of minor pests of a potential major 
pest, e.g. Phloeba infumata, Atractomorpha crenulata and Oxya fuscovittata, 
the former two species were once found only in the grass fields and latter was 
abundant in the aquatic weeds like water hyacinth, which are now considered 
as major pests of paddy and vegetables in some states of India . 
Acrida exaltata (Walker) is a pest of rice (Oryza sativa), millet 
{Pennisetum typhoides), jowar {Sorghum vulgare), maize {Zea mays), gram 
(Cicer arietinum), groundnut {Arachis hypogaed), tomato {Lysopersicum 
esculentum), pinus {Pinus roxburghii), sal {Shorea robusta), sandal {Santulum 
album), and sugarcane (Saccharum officinarum). In the last few years it has 
become a major pest of millet, gram, maize, rice and sugarcane in northern 
India. 
Sachan (1987) and Sehgal (1990) evaluated that the pod damage due to 
H. armigera on chickpea crop could vary upto 100 per cent in India. Earlier 
studies have indicated that crop losses due to this pest in chickpea are higher in 
north western region of India as stated by (Reed and Pawar 1987). Bhalani and 
Acharya (1992) reported that H. armigera causes 15.62 to 20.25 per cent 
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damage in pod and 19.98 to 32.15 per cent damage in grain in chiclcpea 
cultivation in Gujarat. Hence, farmers have to depend mainly upon synthetic 
insecticides like endosulfan and cypermethrin, fenvalerate and endosulfan to 
prevent the damage in chickpea crop. 
Ali (1997) reported that chickpea production which attained an all time 
record of 6.20 million tons in 1994-95 had a great set back in the subsequent 
year (1995-96) losing about 1.2 million tons due to outbreak oi Helicoverpa 
armigera (Hub.) in northern India, due to unusual winter rain. Astana et al. 
(1997) also reported that on an average 30-80 per cent crop losses occurred in 
pulses due to ravages of insect pests valued at 4000-5000 crores. 
Annual damage due to Helicoverpa alone is around 150-2000 million. 
Annual losses due to insect pests are estimated to be 15.0 per cent in chickpea. 
Sehgal (1997) reported H. armigera has become a pest of national importance 
in India, causing economic losses to several crops like chickpea, pigeon pea, 
cotton, sunflower, tomatoes, chillies, tobacco, etc. Salvanarayanan (2000) 
reported that the major constraint in the production of tomato fruits is the 
damage caused by the fruit borer, Helicoverpa armigera (Hub) leading to 18 to 
55 per cent yield loss. 
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Botanical insecticides 
Plant extracts and photochemicals have long been a subject of research 
in an effort to develop alternatives to the conventional insecticides. The plant 
families Meliaceae and Rutacae (order: Rutales) have received much attention 
at least partly owing to the presence of limonoid triterpenes (Klocke and Kubo, 
1982., Connolly, 1983., Amason et al, 1987 and Champagne et al. 1989). The 
Meliaceae (mahogany family) contains approximately 50 genera and over 500 
species (Pennington and Styles 1975). Chemically, it is characterized by a 
diverse variety of limonoids, many of which are known to possess insecticidal 
properties. This has lead to a systematic investigation of this family for 
bioactivity against insects (Isman et al., 2000). Most work has been focused on 
azadirachtin, a limonoid from the seeds of the Indian neem tree, Azadirachta 
indica. Neem seed extracts rich in azadirachtin (10-25%) act both as potent 
antifeedants and insect growth regulators (Koul, 1992., Govindachari et al, 
2000 and Kraus 2002). The role of other triterpenoids (nimbin, salannin, and 
derivatives thereof) present in neem seed extracts, as contributors to overall 
bioactivity, is controversial and most evidence points to azadirachtin as the 
most important active principle (Isman et al, 1994). Similarly, the limonoids in 
Azadirachta excelsa (sentang) are known to be excellent antifeedants for many 
pest species with no deleterious effects on humans, animals or beneficial 
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insects (Mordue and Blackwell 1993). A. excelsa is native to the Malaysia, 
Indonesia and the Philippines. The remarkable bioactivity exhibited by 
azadirachtin from the Indian neem tree {A. indica) led to the search for other 
natural insecticides in the closely related genus Melia. M. azedarach grows 
mainly as an ornamental and medicinal plant. As an avenue tree it can be found 
in Spain, Greece, Cyprus, Israel, Tunisia, Algeria, India, Australia, New 
Zealand, the Caribbean, Brazil and Argentina (Ascher et al., 2002). M. 
azedarach contains limonoids closely related to A. indica. Some of the 
limonoids isolated from the fruits of M. azedarach are meliantriol, melianone, 
melianol (Lavie and Jain, 1967), meliacin (1-cinnamoyl melianone), 
meliacarpin (Lee et al. 1991) and meliartenin (Carpinella et al, 2002). 
Meliacarpins were found first in M. azedarach extracts (Kraus, 1986) and later 
also in the seeds of A. indica (Kraus, 2002). Meliantriol showed strong 
antifeedant properties against the desert locust, Schistocerca gregaria (Kraus et 
a/., 1981) and meliartenin inhibited larval feeding of E. panuelata and S. 
eridania (Carpinella et al. 2002). Seed oil of M. azedarach acted as a strong 
oviposition deterrent for rice gall midge, Orseolia oryzae, and a feeding 
deterrent for oriental armyworm, Mythimna separata (Chiu et al. 1984). Fruit 
extracts of M azedarach and A. indica showed feeding deterrent effects against 
the nymphs of Plutella xylostella at higher doses and also a variety of insect 
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species belonging to three different orders including Coleoptera, Lepidoptera 
and Orthoptera (Carpinella et al. 2003). 
Seed oil sprays were also effective against citrus red mite, Panonychus 
citri and the orange spiny whitefly, Aleurocanthus spiniferus but was not 
haiTnful to several predatory mites (Amblyseius spp.) (Chiu, 1989). 
The genus Trichilia contains a variety of limonoids and has been 
identified as a potential source of plant-based insecticides. A series of 
limonoids from T. roka (Meliaceae), the trichilins, is antifeedants for the 
southern armyworm, Spodoptera eridania and the Mexican bean beetle, 
Epilachna varivestis (Nakatani et al., 1981, 1985). Limonoids isolated from T. 
hirta inhibited larval growth of Peridroma saucia and reduced consumption 
rates and dietary utilization, indicating behavioural effects and post-ingestive 
toxicity (Xie et al, 1994). Foliar extracts of T. hirta inhibited growth of P. 
saucia (Champagne et al., 1989), and T. americana extract from small woody 
twigs strongly inhibited larval growth of Spodoptera litura (Wheeler and 
Isman, 2001). T. americana is a tropical deciduous tree found from north-west 
Mexico through Central America. 
In addition to Trichilia, other members in the family Meliaceae, such as 
Aglaia Turraea and Cedrela have shown high levels of bioactivity and warrant 
further study. Although, numerous plant species in the family Meliaceae 
18 
exhibit promising bioactivity against a variety of insects, only neem extract is 
approved for use and sold as a botanical insecticide in the USA. 
Although, hundreds of plant natural products have demonstrated 
deleterious effects on insects only a handful of botanical insecticides are 
currently approved for use in industrialized countries (Isman, 1994). At present 
there are four major botanical products (pyrethrum, rotenone, neem, and 
essential oils) used for insect control along with three others (ryania, nicotine, 
and sabadilla) in limited use (Isman, 2006). Nicotine, owing to its extreme 
toxicity to mammals (rat oral LD50 = 50 mg kg-1) and its rapid dermal 
absorption in humans has lost its regulatory approval in many countries (Isman, 
1997). The stem wood of the Caribbean shrub, Ryania speciosa 
(Flacourtiaceae) contains the alkaloid ryanodine that acts as a muscle poison. 
Ryania has toxic and growth inhibiting effects against the tobacco budworm, 
Heliothis virescens (Yoshida and Toscano, 1994), and has seen limited use by 
organic apple and pear growers for control of the codling moth, Cydia 
pomonella. Rotenone is an isoflavonoid extracted from the roots of derris 
plants {Derris elliptica and Lonchocarpus spp; Leguminoseae). 
Although, rotenone has been used as insecticide for over 150 years, its 
use as a strong fish poison dates back even further (Shepherd 1951). Rotenone 
is a very toxic compound (rat oral LD50 = 132 mg-1) active against a wide 
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range of insects. Rotenone dusts (containing 1-5% active ingredients) and 
sprays (containing 8% rotenone and 18% total rotenoids) have been used for 
years to control aphids, beetles and caterpillars on plants, as well as fleas and 
lice on animals. Rotenone is a mitochondrial poison, which blocks the electron 
transport chain and prevents energy production (Hollingworth et ai, 1997). It 
acts as a stomach poison and a contact insecticide. As an agricultural 
insecticide, use of rotenone is limited to organic food production (Isman, 
2006). The active ingredients in pyrethrum extract consisting of a mixture of 
pyrethrin I (40%), pyrethrin II (36%), cinerin I and cinerin II (12%) are 
obtained from the dried flowers of the pyrethrum daisy {Tanacetum 
cinerariaefolium; Asteraceae). Pyrethrins I and II account for most of the 
insecticidal activity, and have been used as insecticides from ancient times. 
Initial effects include paralysis followed by death. Most flying insects are 
highly susceptible to pyrethrins, causing them to 'drop' almost immediately 
upon exposure whereas, hyperactivity and convulsions are common in most 
insects. 
Mukherjee and Sharma (1996) studied the effect of azadirachtin induced 
changes in feeding, dietary utilization and activity of carboxyl esterase activity 
of the last instar larvae of S. litura. They observed that the high concentrations 
of azadirachtin were lowered down the efficiency of both ingested and digested 
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food but failed to lower down the approximate digestibility. The higher 
concentration feeding resulted in significant increase in the activity of mid gut 
carboxylesterases. It was concluded azadirachtin influenced the physiology of 
S. litura. Kalia and Chaudhari (2001) determined the susceptibility of 
American boll worm, Helicoverpa armigera (Hubner) larvae of different ages 
to nucleopolyhedro virus (NPV) by bioassay. The LC50 value was found to 
increase with host age. 
Patel and Poonia (2005) tested various plant extracts for their ovicidal 
effect towards the eggs of Holotrichia consanguinea (Blanch.). Egg hatching in 
all treatments was reduced as compared to the control, indicating toxic effect of 
all the plant extracts tested. Neem seed kernel extract was found to exhibit 
maximum reduction in egg hatching followed by Derris seed kernel extract. At 
1 % concentration, egg mortality was significant only due to neem seed kernel 
extract. The least ovicidal effect was shown by Cassia leaf extract. 
Anand et al. (1980) tested the plant products against 2 major insect pests 
of stored paddy, viz., Sitotroga cerealella and Rhyzopertha dominica to find 
out their effectiveness as grain protectants at 10-350 ppm concentration. The 
order of effectiveness was Malathion greater than pyrethrum greater than garlic 
extract greater than neem oil greater than onion extract for S. cerealella and 
Malathion greater than pyrethrum greater than garlic extract greater than neem 
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oil = neem extract greater than onion extract for R. dominica. Sayed (1982) 
reported that 2 percent suspension of the ground seeds of neem reduced the 
number of eggs laid by the female of Spodoptera Httoralis (Boisd.) on treated 
leaves as compared to untreated leaves. The effectiveness was in the following 
order neem > linseed > mustard > mahua > castor. 
Goswami and Vijayalakshmi (1987) reported inhibitory nature of M 
incognifta soaked in aqueous extracts of Cassia fistula, Acacia arabica (A. 
nilotica), Eclipta alba, Swertia chirata, Datura metel and Argemone mexicana, 
oil, seed and cakes of Carthamus tinctorius, Madhuca indica (M. longifolia), 
Shorea robusta and Calophyllum inophyllum on egg hatching. Manisegaran et 
al (1995) carried out field trials to determine the effectiveness of 4 synthetic 
insecticides and 8 plant products against Spodoptera litura and Helicoverpa 
armigera on Capsicum annuum. The incidence of S. litura was lowest in the 
plot treated with 0.04% chlorpyrifos (4.60.030), followed by 0.09% phosalone 
(5.09%) and 0.07% endosulfan (6.00%), while that of H. armigera was lowest 
in the plot treated with endosulfan (3.03%)), phosalone (4.00%)) and 
mcnocrotophos (4.58%)). 
Sahayaraj and Paulraj (1998) carried out a laboratory study to evaluate 
the effect of water extracts of four plant leaves in insect pest control. Various 
concentrations, of the plant extracts (0.5, 1, 2, 4 and 6%) were used against last 
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instar nymphs of the groundnut pest Spodoptera litura. Calotropis gigantea 
was found to be the most toxic plant product followed by Vitex negundo, 
Azadirachta indica and Pongamia glabra {P. Pinnata). Obulapathi et al. 
(2000) evaluated the efficacy of different chemical and biological insecticides 
against the tobacco caterpillar {S. litura) on groundnut cv. JL-24. The 
treatments comprised six botanical pesticides (Repellin, Neemguard, Achook, 
Nimbecidine, Margosol and Suneem, all applied at 1.0% concentrations), a 
commercial formulation oi Bacillus thuringiensis subsp. kurstaki (Dipel 8 L), a 
chitin synthesis inhibitor (diflubenzuron, Dimilin) and three conventional 
insecticides (endosulfan 4% D at 25 kg/ha, chlorpyrifos 20 EC at 0,05% and 
chlorpyrifos 1.5% D at 25 kg/ha). 
Manjanaik et al. (2002) investigated the efficacy of 7 insecticides 
(phosalone 0.05%, methylparathion (parathion-methyl) 0.05%, quinalphos 
0.05%, monocrotophos 0.05%, dimethoate 0.03%, chlorpyrifos 1 ml/litre and 
carbaryl 0.02%) and a plant product (neem, Azadirachta indica oil 5 ml/litre) 
against 5*. litura on groundnut. Among the seven chemicals, quinalphos 
produced the lowest rate of defoliation and high crop yield. Monocrotophos 
produced the highest shelling quality. All chemical treatments resulted in 
higher crop protection compared to the control and neem oil. 
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Umrao and Verma (2002) assessed the efficacy of various plant products 
viz., leaf powder of Dharek and Sadabahar @ 10 g/kg grain and oils of 
coconut, mustard, groundnut and Neem products like Achook, Nimbicidine and 
Neem gold @ 1 ml/kg against pulse beetle Callosobruchus chinensis on the 
basis of per cent grains damaged and per cent loss in weight. The result showed 
that Nimbicidine and Achook appeared to be most effective to minimise the 
damage by the pest in grains being 1.97 and 2.36 per cent respectively, as 
against 70.50 per cent in control followed by the treatment of neem gold (2.61 
per cent). The loss in weight was as high as 45.20 per cent in untreated grains 
which considerably reduced to a level of 0.52, 0.93 and 1.07 per cent by 
application of nimbicidne, achook and neem gold respectively. 
Balikai and Lingappa (2004) evaluated plant products against different 
stages of predatory population. These products were observed 2 to 3 times less 
toxic than malathion. Endosulfan was as toxic as Datura metel whole plant 
extract 5%, Neem soap 0.05% and Pongamia pinnzata kernels 2%. The 
botanicals such as, Ricinus communis leaves 5%, Argemone mexicana whole 
plant 5% and Prosopis julijlora leaves 2% were less effective to the predators 
as revealed from predatory population. The plant products Catileralltiles 
(Villca) rosea leaves 5%, P. pinnata leaves 5%, Azadirachta indica kernels 
5%, Vitex negundo leaves 5% and Adlwtoda vasica leaves 5% were safe to 
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natural enemies and locally available in sufficient quantities, hence, can be 
effectively utilized in sorghum ecosystem for aphid management. 
Dubey et al. (2004) tested the insecticidal efficacy of thirteen plant 
extracts against third instar nymphs of Spilarctia obliqua (Walk) under 
laboratory and field conditions. The alcoholic extracts of rhizome of sweetflag, 
Acorus calamus Linn., leaves of Ageratum conyzoides Linn., Blumea 
balsamifera D.C., Chenopodium ambrosioides Linn., Pogostemon heyneaus 
Bth., Trigonella foeneumgraecum Linn., Vitex negundo Linn., bark of 
Sinnamonum aromaticum Nees., nutmeg of Myristica fragrans Houtt., seeds of 
Hyptis spicigera Lam., Pongamia glabra Vent., ariel part of Solvia officinalis 
Linn, and pericarp of Zanthoxylum alatum Roxb. were tested on mustard crop. 
Amongst, 2.0 % extracts of Acorus calamus, Vitex negundo and Ageratum 
conyzoides gave 80.87, 72.84 and 67.91 % mortality to the third instar nymphs 
of Spilarctia obliqua (Walker) in laboratoiy whereas, 74.26, 68.63 and 66.20 % 
mortality were observed under the field trials. All the extracts were 
considerably superior over control. 
Pawar et al. (2004) estimated the extracts, reported extracts and purified 
extracts of seeds of two plant species Madhuca latifolia and Calophyllum 
inophyllum when evaluated against the 2"^* instar nymphs of Helicoverpa 
armigera reared on synthetic diet, exhibited high larval mortality, prolongation 
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of developmental period, morphological deformities and highly significant 
reduction in adult emergence. The reduction in larval weights in the treatments 
was also highly significant. 
Pros and Cons of insecticides 
Chemical insecticides have contributed a lot to the welfare of man 
throughout the world for many decades. These insecticides have helped a lot in 
achieving the desired goals in the field of crop protection and increasing the 
yields. The use of insecticides can prevent or reduce agricultural losses to pests 
and so improve yield. Insecticides have played a key role in improving 
productivity to such an extent that India, a former country of famine has 
quadmpled grain production since 1951 (Paroda and Kumar, 2000) and now 
not only feeds itself but exports produce (100m tons in 2003 - Indian export 
stats). 
Similarly outputs and productivity have increased dramatically in most 
countries, i.e., wheat yields in the United Kingdom rose from 2.5 t/ha in 1948 
to 7.5 t. /ha in 1997 (Austin, 1998). Com yields in the USA went from 30 
bushels per acre to over a hundred per acre over the period from 1920 to 1980 
(Purdue, 2006). Increases in productivity have been due to several factors 
including use of fertilizer, better varieties and use of machinery. However 
pesticides have been an integral part of the process by reducing losses from the 
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weeds, diseases and pests that can markedly reduce the amount of harvestable 
produce. 
Increased agricultural pesticide use nearly doubled food crop harvests 
from 42% of the theoretical world-wide yield in 1965 to 70% of the theoretical 
yield by 1990 (Oerke and Weber, 1994). Pesticides can improve food safety: 
When crop plants are stressed by insect or disease damage, levels of natural 
pesticides can be increased to toxic levels. For example, potatoes harvested 
from plants defoliated by beetles can have solanine and chaconine levels that 
are 50% higher than in potatoes from non-defoliated plants and these chemicals 
are known to be natural insecticides, and fungicides as well as teratogenic and 
feltal toxic in chickens and frogs (Hlywka et al., 1994). 
There are serious problems due to indiscriminate use of pesticides, of 
which insecticide resistance, fungicide resistance, pest resurgence, secondly 
pest outbreak, and minor pests becoming major pests are of great concern. In 
many cropping systems, such problem's are becoming more serious, rampant 
and evident. There is manifold increase in the kinds of insect species recorded 
and the numbers of some them have increased, creating imbalance, leading to 
development of serious pests. The indiscriminate use of insecticides in the 
cropping systems of cotton, rice, vegetables, fruits, storage etc., had resulted in 
resurgence of insects like whiteflies, aphids, thrips, and mites in cotton, gall 
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midges, leafhoppers and plant hoppers in rice. The indiscriminate use of 
insecticides had also resulted in problem of insecticide residues and other 
safety hazards. The residue levels of insecticides monitored in the vegetables, 
fruit and milk samples indicate that in many cases these levels are far above the 
maximum permissible limits set by W.H.O. Evidences of fungicide resistance 
in various pathogens of potato, apple, rice etc are also emerging field of 
research. Some of the environmental problems of concern in agriculture in both 
developing and advanced countries include pesticide movement, persistence, 
and uptake by plants; pest resistance to pesticides; the ability of 
microorganisms in soil rapidly to metabolize certain pesticides because of 
repeated applications; and exposure of the user and consumer to pesticides, 
their residues, or their by-products. 
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MATERIALS AND METHODS 
1. Collection of insects 
Large number of mature adults and immature stages of Acrida exaltata 
Walker, were collected from different areas of Aligarh, Latitude 27 ° 54' N and 
Longitude 78° 4' E. (University fort, Naqvi park, Athletics complex, 
Engineering college and area surrounding Faculty of Science and Life Science 
during the months of February, March and April, 2009) with the help of nets 
made of stout cloth. The sweep net was worked back and forth through the 
vegetation and the insects captured were collected in glass specimen tube (3'" x 
1'"). They were reared in wooden cages (36cm x 36cm x 36cm) with glass 
panel on one side. 
Cages were provided with holes for metallic egg-laying tubes and an 
electric bulb (60 Watt) for light and heat. These cages were not 
thermostatically controlled, but the heat could roughly be regulated by 
changing the number and wattage of the electric bulb in the cage which served 
two purposes, such as heat and photoperiod. Each cage was provided with a 
number of sticks for perching, basking and moulting. A petridish of water 
covered with perforated zinc sheet was kept in each cage and refilled as often 
as necessary, to keep the humidity at the desired level. 
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2. Rearing and maintenance of insect culture 
The collected grasshoppers were arranged in pairs of male and female 
and were placed in separate cages for monitoring the life cycle properly. 
Grasshoppers were fed on daily basis by providing them fresh vegetation 
(grasses and wheat leaves). Due to their voracious nature, the insects were 
provided the food material regularly and proper care was taken to maintain the 
cleanliness of the cages so as to avoid any infection. The egg laying tubes were 
filled with sand and were moistened regularly by sprinkling water by using 
sprinkling bottle. Proper care was taken to maintain the temperature by using 
bulb of 60 watt. This helped in heating as well as maintaining the photoperiod. 
The eggs laid down in the egg laying tubes were separated with great 
care to avoid any damage and were placed in glass jars covered with muslin 
cloth. These jars were shifted to incubator which was set at 27± 2°C. Hatching 
and the nymphal stages were noted properly so as to have an idea regarding the 
duration of life cycle as well as the average gap between two instars. The larval 
stages were also fed with fresh small grasses and thorough cleanliness was 
maintained. 
3. Application of various formulations of insecticides 
The Insecticides used in the present study were commercial forms of the 
commonly used insecticides which are; cypermethrin 30 % EC (Kisan 
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chemicals, Mumbai) (Pyrethroids) and spinosad 45 SC (Tracer) Insecticide 
Dov/ Agro Sciences India Pvt.Limited, Chembur, India), obtained from the 
market for experimental purpose. Formulations were diluted to 1 % stock 
solution using double distilled water by Pearson's square method and were 
refrigerated until needed. 
4. Treatment of insects with synthetic insecticides 
4.1. Insecticides formulations 
The amount of formulation of insecticide required for each final 
concentration was calculated by the formula given as: 
Amount required (ml/g) = 
Blank titre strength to be prepared (%) - Total volume required 
Strength supplied 
The required amount of formulation was thus diluted with requisite amount of 
distilled water for preparing different concentration of the insecticidal solution. 
4.2. Mode of application 
The insects (Both 3 instars nymphs as well as adults ofAcrida exaltata 
were kept for pre - treatment starvation for two hours to ensure unifonn 
feeding on treated food. The insects were placed in clean and sterilized 
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petridishes. Three replicates were selected and in each replicate 10 insects were 
used. In control the insects were sprayed along with double distilled water 
(DDW). 
The post-treatment operation involved transferring the petridishes containing 
treated insects to incubator where temperature and relative humidity were 
maintained. 
Observations were made after 24 hrs, 48 hrs and 72 hrs respectively and the per 
cent mortality was calculated by the formula give n as: 
„ ^ ^ ,., Pre - treatment count - Post treatment count , ^^ 
Percent mortality = x 100 
Pre - treatment count 
Per cent corrected mortality was calculated by using Abbott's formula (1925). 
5. Test Method 
Studies on the biology of the Acrida exaltata were carried out under 
laboratory conditions with rearing of the insect from freshly laid eggs to 
mortality of insects. Observations were made on important aspects of its 
biology, including the nymphal period, egg eclosion, adult longevity and 
morphological observations. The experiment was replicated and data subjected 
to statistical analysis. 
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6. Statistical Analysis 
The raw data obtained during the present experimentation was recorded 
and used for statistical analysis. The observed toxicity response, effect on 
hatching, growth and development and mortality rates were recorded and the 
following statistical parameters were taken into consideration for the analysis 
and interpretation of data. 
Mean 
Mean is defined as the sum of all the variables divided by total number of 
variables. It is denoted by the symbol X and is given by the formulae 
Where x = size of sample 
/ = frequency 
E = sum of all frequencies 
Standard error of mean 
Standard error of mean of a sample from a biological data is the standard 
deviation of the sampling distribution of the mean. It is denoted by the symbol 
(J 
OM and may be estimated by .^<f ~ " ^ a: 
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Where, a = the standard deviation of the original distribution and 
N = sample size 
Duncan multiple range test (DMRT) 
The numerical data were subjected to Duncan's multiple range test (DMRT) 
(p< 0.05) using SPSS Software 10.0 for windows. The DMRT test was 
performed for two treatment variables. Therefore, the tests were limited to the 
analysis of interactions between temperature and insecticide application rate. 
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Fig. 1 Acrida exaltata 
A. Male 
B 
B. Female 
Fig 2 Glass jars containing egg pods of Acrida exaltata 
Fig. 3 Nymphal forms of Acrida exaltata in glass jars 
Fig. 4 Glass jars used for rearing and maintenance of stock. 
RESULTS 
The present study was carried out under laboratory conditions to assess 
the toxicity of insecticides against Acrida exaltata (Walker). 
A Life cycle of Acrida exaltata (Walker) 
The life cycle of Acrida exaltata like any other grasshopper consists of three 
main stages which are: 
L Eggs 
2. Nymphs 
3. Adults 
1. Eggs 
The female grasshoppers lay the fertilized eggs in the form of egg pods, 
usually more than ten. Size of the egg-pod is mainly determined by the number 
of egg laying per female. The average length of egg-pod in Acrida exaltata was 
2.285(±0.37). Each egg pod consists of about 10-300 eggs that are rice shaped. 
The eggs can withstand adverse conditions of the environment while 
undergoing diapause. 
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Fecundity and Fertility 
Under control (26 ±2°C) the total number of egg pods was recorded to be 
tv/enty (20), and the total number of egg count (fecundity rate) was found to be 
490. The number of eggs hatched (fertility rate) was recorded at 415 with a 
hatching percentage of 84.69%. 
2. Nymphs 
Nymphs are miniature versions of adult grasshoppers, except that they are light 
in color and do not possess wings. Nymphs undergo 6-7 molts and change their 
form and structure, before becoming adults. 
A. First Instar Hopper 
Freshly hatched nymphs were yellowish brown or pale green in colour 
with brownish dots dorsally, paler ventrally. Head pale brown bearing brown 
markings. Two anterior pair of legs, pale brownish markings, and hind pair is 
pinkish. Wing rudiments were indistinct. The average development period of 
this stage ranges between 10-12 days. 
B. Second Instar Hopper 
These were greenish- brownish dorsally and paler ventrally. Dim dots all 
over body surface. Head brown with few blackish dots. Hind legs brown with 
prominent black dots and stripes. Wing pads present. Sexes are more distinct at 
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this stage of development. The average development period of this stage ranges 
between 11-14 days. 
C. Third Instar Hopper 
The third instar hoppers were more or less similar to the second instar 
except the tips of antennae and tibiae are darker. Wing pads more distinct and 
the ovipositor valves of female were very clear. The average development 
period of this stage ranges between 10-13 days. 
D. Fourth Instar Hopper 
Generally colouration dull brown with small black dots and stripes 
dorsally, pale ventrally, wing buds reversed in males. The average 
development period of this stage ranges between 12-15 days. 
E. Fifth Instar Hopper 
At this stage of development general colour brownish, eyes, antennae, 
head and thorax darker than previous instar. Wing buds reversed in females. 
The average development period of this stage ranges between 13-16 days. 
F. Sixth Instar Hopper 
The sixth instar hoppers were dull, dark green or brownish dorsally and 
light yellowish to brownish ventrally. Ovipositor valves well developed in 
female. The average development period of this stage ranges between 13-16 
days. 
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Seventh instar is rarely found lasting from 8- 10 days, after that the 
transformation into an adult takes place. 
3. Adult 
The adult of Acrida exaltata were medium to long with slender body. 
Antennae relatively short with basal joints compressed. Head strongly 
elongated. Face strongly oblique and moderately concave in profile. Pronotum 
having single median transverse furrow. Tegmina and hind wings well 
developed. Tegmina extend a little beyond hind knee. Hind wings were slightly 
shorter than tegmina. General coloration uniformly green or varying shades of 
brown. Hind wings light yellowish green, brownish over greater part of distal 
area. 
Darkening of the hind wings is more pronounced in mature males. 
The results recorded during present investigation are described under the 
following headings: 
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B. Effect of insecticides on A. exaltata 
\, Efficacy on Hatching of Eggs 
The results on the efficacies of insecticides on the hatching of eggs of 
Acrida exaltata can be briefly described as below: 
(a) Treatment with cypermethrin 
In case of the treatment with 0.030% of cypermethrin solution at 10°C 
although the total number of egg pods was found to be 15 and the total number 
of egg counts was 418 but there was no hatching recorded at this temperature 
(Table 1). At 25 °C the total number of egg pods was found to be 20 with total 
number of egg counts to be at 490 and the total numbers of eggs hatched was 
recorded at 290 with a hatching percentage of 59.18%. 
Similarly at 30 °C the total egg pods were found to be 25 with total 
number of eggs count to be 580 and the number of eggs hatched was 380 with 
a high percentage of 65.51%. After 30 °C the hatching starts showing rapid 
declining trend and at 35 °C the hatching percentage was found to be merely 
38.70% where only 245 eggs out of 633 were hatched. 
The most significant observation was recorded at 45 °C where in spite of 
high egg count there was no hatching recorded. Under control (26±2°C) the 
hatching percentage was significantly high where 415 out of 490 eggs were 
hatched with a hatching percentage of 84.69% which was the highest under all 
circumstances. 
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Similarly in case of the treatment given with 0.040% of cypemiethrin 
solution the maximum hatching was recorded at 30°C where 293 eggs out of 
480 hatched with a percentage of 61.04% and the minimum hatching was 
recorded at 35 °C where 198 eggs out of 525 were hatched, with a percentage 
of only 37.7% (Table 2). Like first treatment, there was no hatching recorded 
at 10 °C and 45 °C. In case of treatment with 0.050%) of cypermethrin the 
maximum hatching percentage was again recorded at 30 °C where 255 eggs out 
of 450 were hatched with a hatching percentage of 56.88% and the minimum 
hatching was recorded at 35 °C where merely 140 eggs out of 510 were 
hatched with a significantly low percentage of 23.72%) (Table 3). 
The treatments under control (26±rC) were found to be showing 
maximum hatching percentage where 415 eggs out of 490 were hatched with a 
high percentage of 84.69%. Temperature was found to be playing a major role 
in case of the hatching of eggs in Acrida exaltata. 
(b)Treatinent with spinosad 
In case of treatment given with the spinosad the following readings were 
obtained. 
In case of the treatment with 0.030% of spinosad maximum hatching 
percentage was recorded to be 65.13% at 30 °C where 340 eggs hatched out of 
522 (Table 4), where as the minimum hatching at this treatment was found to 
40 
be at 35° C where hatching percentage was merely 41.11%. How ever the 
hatching was 60.90% at 25° C. Like cypermethrin no hatching was recorded at 
10 and 45° C. Also the hatching under control (26±2°C) was found to be the 
maximum with 84.69%) of eggs being hatched. Similarly with 0.040%) of 
spinosad the maximum hatching was recorded to be at 30 °C where 270 eggs 
out of 450 were hatched with a hatching percentage of 60%o and the minimum 
percentage of hatching was recorded at 35 °C with only 39.49%) where only 
188 out of 476 eggs were hatched (Table 5).Also the hatching at 25 ° C was 
found to be 51.16%. In this treatment also no hatching was recorded at 10 and 
45° C. Under control (26±2°C) hatching was found to be maximum where 
84.69% of eggs being hatched. 
In case of treatment given with 0.050% of spinosad solution the 
maximum hatching was again recorded at 30 °C where 227 eggs out of 389 
v e^re hatched with a hatching percentage of 58.35% and the minimum 
percentage was recorded at 35 °C where merely 166 eggs out of 448 were 
hatched with a low percentage of 37.05% (Table 6). The hatching at 25° C was 
found to be 49.15%o. However these percentages were significantly lower in 
comparisons with control, (26±2) where high percentage of hatching was 
recorded (84.69%). Again no hatching was recorded at 10 °C and 45 °C under 
different concentrations. 
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2. Efficacies of Insecticides: 
In the laboratory the experiments were maintained up to 72 hrs and after 
24, 48 and 72 hrs duration, number of dead insect was counted which was 
compared with their corresponding controls. 
(a)Treatment with cypermethrin: 
In case of the application of cypermethrin on the 3'^ '' instar nymphs of the 
insects lead to a trend of general increase of per cent mortality with respect to 
the increase in the concentration of insecticide. In case of the 3'^ '' instar nymphs 
of Acrida exaltata the maximum and minimum mortalities recorded after 24 
hrs of treatment at different temperature conditions at 0.030% concentration 
were recorded as 34.66 per cent and 28.00 per cent which increased further 
after 72 hrs to 44.00 per cent and the minimum recorded at 36.33 per cent. 
(Table 13).This shows an increasing trend in mortality with increase in 
temperature. 
Similarly with 0.040% of cypermethrin, mortality increased with 
increasing temperature and duration of time. In case of treatment of Acrida 
exaltata with 0.050% of cypermethrin the mortality kept increasing with 
increasing temperature and passage of time from 24 hrs to 72 hrs. The highest 
mortality recorded at 56.00 (35°C after 72 hrs of treatment) per cent and lowest 
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at 37.66 per cent, (25°C after 24 hrs of treatment). No significant mortality 
percentage was observed with the control. 
On the other hand in case of the adults the mortality rate was slightly 
lower in comparison with the larval forms. (Table 14) 
In case of the treatment with 0.030% of cypermethrin the maximum and 
minimum mortality after 24 hrs of application was recorded at 31.66 at 35°C 
and 23 per cent at 25°C. The mortality rate kept on increasing after 48 hrs of 
treatment as the maximum and minimum percent mortality was recorded at 
34.00 percent at 35T and 26.66 at 25°C. The highest mortality percentage with 
0.030% of cypermethrin treatment was recorded at 37.66 per cent (35°C after 
72 hrs of treatment) Thus the trend of direct influence of temperature on the 
activity of cypermethrin was recorded. Likewise the nymphal forms, in adults 
also no significant mortality percentage was observed under control. 
Similarly with 0.040%) of insecticide treatment the maximum mortality 
percentage was recorded at 51.33% (35°C after 72 hrs of treatment) and 
minimum mortality was recorded to be 30.00 per cent (25°C after 24 hrs of 
treatment). 
When the insects were treated with 0.050%) of cypermethrin the 
maximum mortality was recorded at 55.00 (35°C after 72 hrs of treatment) and 
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minimum mortality percentage was recorded at 37.66 (25°C after 24 hrs of 
treatment). (Table 14) 
(b)Treatment with spinosad: 
In case of treatment with 0.030% of spinosad to the 3'^ '' instars nymphs of 
Acrida exaltata the maximum and minimum mortalities were 36.66 per cent 
and 20.00 percent respectively, which increased towards 32.66 percent 
(maximum after 48 hrs of treatment at 35°C) and 22.66 per cent (minimum 
after 48 hrs of treatment at 25°C) (Table 15) 
Similarly after 72 hrs of treatment the maximum mortality was recorded 
at 36.66 per cent at 35°C and the minimum was recorded at 25.33 at 25°C. ft is 
quite low in comparison with the cypermethrin.) (Table 15) 
Similarly with 0.040% of spinosad the maximum and minimum rate of 
mortalities were recorded at 44.33 and 28.66 respectively, the maximum 
reported after 72 hrs of treatment at 35°C and the minimum after 24 hrs of 
treatment at 25°C.) (Table 15) 
In case of the treatment of 3"^  instars nymphs of Acrida exaltata with 
0.050% concentration of spinosad the maximum and minimum rate of 
mortality were recorded to be at 55.00 per cent and 37.66 per cent respectively 
the maximum after 72 hrs of treatment at 35°C and the minimum after 24 hrs of 
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treatment at 25°C. There was no significant mortality percentage recorded for 
control.) (Table 15) 
In case of treatment of spinosad to the adults of Acrida exaltata the 
mortality per cent was even lower to the larval forms. With 0.03 % of spinosad 
treatment to the adults of Acrida exaltata the maximum and minimum 
mortalities recorded were 24.66 per cent and 18.00 per cent respectively the 
maximum after 72 hrs of treatment at 35°C and the minimum after24 hrs of 
treatment at 25°C.(Table 16). 
Similarly with 0.040% of treatment the maximum and minimum rate of 
mortalities recorded were at 30.33 per cent and 24.00 per cent the maximum 
after 72 hrs of treatment at 35°C and the minimum after 24 hrs of treatment at 
25°C. (Table 16) 
In case of treatment with 0.050% of spinosad the maximum and 
minimum rate of mortalities recorded were at 34.66 per cent and 27.66 per 
cent. The maximum after 72 hrs of treatment at 35°C and the minimum after 24 
hrs of treatment at 25°C.(Table 16) 
Thus no significant difference was noted after 48 hrs to 72 hrs of 
treatment with spinosad. Under control there was again no significant rate of 
per cent mortality. 
45 
4. Effect of various concentrations of insecticides on the growth, 
development, survival percentage and growth index of Acrida 
exaltata. 
(a) Treatment with cypermethrin 
In case of treatment given to the insects of A. exaltata with 
cypermethrin, following observations were recorded: 
In case of treatment with 0.030% of cypermethrin, at 25 °C the total 
number of hoppers attaining adult stage was 27 with a survival percentage (n) 
of 67.50% and the average hopper development for males was recorded at 
69.00(± 0.72) and for female it was 72.00 (± 0.70) (Table 7). The growth index 
given by the formula n/p was recorded to be 0.93 in case of males and was 0.97 
for females. 
Similarly at 30°C the total number of hopper attaining adult stage was 
recorded to be 23 with a survival percentage (n) of 57.50%). The average 
hopper development for males was recorded to be at 60.00 (± 0.70) and for 
females it was 63.00 (±0.78). 
The growth index n/p in case of males was recorded to be at 0.95 and for 
females it was 0.91. At 35°C the total numbers of hoppers attaining adult stage 
was significantly lower and was recorded at only 19 with a survival percentage 
(n) of 47.50%o. The average hopper development period (p) for males was 
recorded to be at 50.00(±0.80) and for females it was 52.00(±0.88). The growtn 
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index for males was recorded to be at 0.95 and for females it was 0.91. The 
total numbers of observed hoppers remained to be 40 m all the above three 
cases. In case of control, the total numbers of hoppers attaining adult age was 
recorded to be at 37.00 with a high survival percentage (n) of 92.50%. 
Similarly on treatment with 0.04% Of cypermethrin, at 25 ° C the total 
numbers of hoppers attaining adult stage were recorded to be 19 out of 40 with 
a survival percentage (n) of 47.50% where the average male development 
period was recorded to be 67.00(±0.76) for males and 70.00(±0.76) for females 
(Table 8). The growth index in this case was found to be and 0.70 for males 
and 0.67 in case of females. Similarly at 30 ° C the total numbers of hoppers 
attaining adult age was found to be 14 out of 40 with a survival percentage of 
35%, the average hopper development for males was 56 (±0.81)for males and 
59(±0.47) for females. The growth index in this was found to be 0.62 for 
males and 0.59 for females. 
However at 35°C the number of hoppers attaining adult age declined 
to 10 with the survival percentage (n) of 25% where average hopper 
development period for males was found to be 49 (±0.54) for males and 52 
(± 0.61) for females. The growth index in this case was found to be 0.51 for 
males and 0.48 for females. In case of treatment under control, the survival 
percentage (n) was found to be significantly higher(87.50%) where 35 out of 
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40 attained adult stage and the average hopper development (p) in case of 
males was recorded at 82.00 (±0.78) and for females it was 90 .00 (±0.82). The 
growth index was found to be at 1.06 and 0.97 for males and females 
respectively under control. 
In case of treatment given with 0.050% of cypermethrin the maximum 
survival percentage (n) was found to be at 25°C where 15 out of 40 hoppers 
attained adult stage (37.50%) and the minimum was recorded at 35 °C where 
only 8 hoppers attained adult stage with a survival percentage of merely 20% 
(Table 9). The average hopper development in case of males was recorded as 
60.00(±0.72) at 25T 51.00(±0.65) at 30T and 46.00(±0.66) at 35°C, whereas 
in case of females the average hopper development was recorded as 
63.00(±0.86) at 25°C, 54.00(±0.68) at 30°C and 44.00(±0.71) at 35T. The 
maximum growth index was recorded at 25 °C and the minimum was found to 
be at 35 °C (0.62 and 0.43 respectively). 
(b) Treatment with spinosad 
In case of the treatment given to A. exaltata with spinosad solution, the 
observations recorded can be described as: 
With 0.03%) at 25°C the total numbers of hoppers attaining adult stage 
were recorded at 26 with a survival percentage (n) of 65%) and the average 
hopper development (p) in case of males was recorded at 76.00 (±0.72) and for 
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females it was 79.00(±0.74) (Table 10). The growth index in case of males at 
this level was found to be 0.85 and for females it was 0.82. 
Similarly at 30°C the number of hoppers attaining adult stage reduced to 
21 with a survival percentage (n) of 52 % and the average hopper development 
(p) for males was 69.00(±0.69) and for females was 72.00(±0.74). The growth 
index (n/p) for males in this case was recorded at 0.75 and for females it was 
0.72. The number of hoppers attaining adult stage at 35°C was recorded at 18 
with a survival percentage (n) of 45% and the average hopper development (p) 
for males was recorded at 60.00 (±0.74) and for females it was 63.00 (±0.78). 
The growth index in this case was found to be 0.75 for males and 0.71 
for females. The total number of hoppers observed in all the above cases was 
40, Under control the readings were significantly different as the number of 
hoppers attaining adult stage was 37 with a survival percentage of 92.50%. The 
average adult development (p) in this case for males was 83.00 (±0.88) and for 
females it was 98.00 (±0.92). 
The growth index for males in this case was found to be 1.11 and for 
females it was 0.94.On treatment with 0.040%) of spinosad the number of 
hoppers attaining adult stage was found to be maximum at 25 °C where 23 out 
of 40 attained adult stage with survival percentage of 57.50%o where as the 
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minimum was recorded at 35 °C where only 16 hoppers attained adult stage 
with a survival percentage of merely 40% (Table 11). 
Similarly with 0.050% of spinosad treatment the maximum survival 
percentage was recorded at 25 °C where 21 out of 40 attained adult stage with 
sui'vival percentage of 52.50%) and the minimum was recorded at 35 °C where 
only 14 hoppers attained adult stage with a survival percentage of merely 35%). 
(Table 12). 
5. Other effects of insecticides 
Various types of adult deformities were noticed due to the effect of 
insecticides on the insects which are as follows: 
1. Wings not fully developed or unscratched. 
2. Presence of wavy wings. 
3 Reduced feeding activity. 
4 Effect on moulting behaviour. 
As a result of the application of various concentrations in general and 
higher a concentration in particular, the moulting behaviour of 4* and 5^  instar 
nymphs of Acrida exaltata was greatly affected. At concentration level 0.04%o 
and above, prior to moulting resulted in sluggish behaviour of insects and the 
color became dark with shrunken integument. There was no change in the 
number of instars; however change in duration of instars was noted which 
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altered the overall average development period for hopper. The deformities in 
adults were generally noticed against 0.040% and above concentration of the 
insecticides. The various deformities caused by the insecticides were dose 
dependent. At higher dose the incidence of deformities increased. 
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DISCUSSION 
The investigations carried out are a compilation of an exhaustive data 
where two different insecticides, (cypermethrin and spinosad) were used for 
determining their efficacies on eggs, the nymphal forms and adults of Acrida 
exalt at a. 
During the present investigation the formulations of insecticides were 
supplied separately on the eggs, nymphal foiTns and adults of insects. Along 
with the toxicity evaluation, effect on hatching, growth and development was 
also recorded. 
Insecticidal toxicity 
Extensive literature is available where toxic effects of insecticides 
against several pests have been described. Several studies have been carried out 
on the toxicities of chemical insecticides (Manjaniak et al., 2002., Kathuria et 
ai, 2005). 
To compare the efficacies of insecticides, two important synthetic 
chemical pesticides cypermethrin and spinosad were used against Acrida 
exaltata. The various concentrations of cypermethrin and spinosad (0.03%, 
0.04% and 0.05%) were applied on the nymphal and adult forms of the Acrida 
exaltata. 
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In case of the treatment given to the 3'^ '' instars nymphs of Acrida 
exaltata with spinosad the mortaUty kept on increasing with time but the 
significant thing that was observed during the entire course of investigation 
was that the mortahty rate was quite low in case of treatment with spinosad as 
compared to the cypermethrin. 
It was found that the toxicity of insecticides shows an increase with 
increase in concentration and temperature. The effect of insecticides was more 
pronounced at each increasing concentration and rise in temperature. That is 
why 0.05% of insecticide was found to result highest mortality and this was 
recorded at 35° C. This pattern was observed throughout the course of study 
whether on the nymphal or adult forms. After all the treatment durations it was 
observed that cypermethrin caused higher mortality than spinosad. 
Temperature is one of the most important factors affecting biological 
processes in all living organisms. Temperature influences metabolic rate, 
locomotion, rate of water loss, food consumption, growth, maturation, and 
habitat selection of grasshoppers (Chappell and Whitman, 1990). Temperature 
is also a major factor affecting insecticide toxicity (De Vries and Georghiou, 
1979) and efficacy (Johnson, 1990 and Scott, 1998). The effects of temperature 
on efficacy can be either positive or negative. The response relationship 
between temperature and efficacy has been found to vary depending on the 
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mode of action of an insecticide, target species, method of application, and 
quantity of insecticide ingested or contacted (Jolinson, 1990). During the 
present investigations toxicity of insecticides increased with increasing 
temperature throughout the course of the study. The effect of temperature on 
the increase efficacy of insecticides has already been described by Ewen et al., 
1984) and Lavie and Jain, 1967). The high efficacy of Pyrethroids insecticides 
with increasing temperature on grasshopper has been earlier proved by 
Kaushalya and Edelson (2004). It was further reported by Kaushalya and 
Edelson (2004), that cypermethrin was more toxic to grasshopper in 
comparison with spinosad under all treatments. 
The increased activity of insecticides with increasing temperature has 
also been reported by many authors like Kowalska (2008) who observed that 
all concentrations of spinosad caused mortality of L .decemlineata; however 
the mortality rate increased as concentration of spinosad as well as temperature 
increased. Similar kinds of results have also been reported by Scott (1998); 
Huang and Toews (2004) and Elliot and Gillot (2007). 
Thus the findings of present study are in accordance with the findings of 
earlier researchers. Literature on the development of insecticide resistance 
against the pests is quite extensive (Gopali; 1998., Sweeden, 1996; Lactin and 
Johnson, 1995). David (1992) reported the development of resistance by 
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important agricultural pest in Patancheru, Andhra Pradesh against Pyrethroids 
(cypermethrin and fenvelerate) and also to DDT. Tambe et al, 1997 has 
suggested that the resistance development in broad- spectrum insecticides is 
due to multiple resistance mechanism, which includes increased detoxification 
of insecticides and insensitive acetyl cholinesterase. No such observation was 
recorded for cypermethrin and spinosad against Acrida exaltata during the 
present study. 
Hatching of eggs 
In the present study the eggs oiAcrida exaltata were treated with 0.03%, 
0.04% and 0.05%) concentration of cypermethrin and spinosad. The hatching of 
eggs in case of Acrida exaltata was significantly affected on treatment with 
insecticides and was greatly influenced by the temperature factor also. 
Although there was no hatching at 10°C and above 35°C the hatching were 
maximum at 30°C, but was still significantly lower than the treatments under 
control, where the hatching was 84.69%. This is in accordance with the earlier 
findings of (Hellpap and Medrcado, 1986; Goswani and Vijayalakshmi, 1987; 
Pawar et al, 2004 and Patel and Poonia, 2005) who observed that Egg hatching 
when treated with pesticides was reduced as compared to the control. However 
the effect of cypermethrin in this case was almost similar to that of spinosad. 
The maximum and minimum hatching in case of cypermethrin.,were recorded 
^^Cflf-^ 
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as 65.51 per cent and 38.70 per cent and those with the spinosad were recorded 
as 65.13 per cent and 37.73 per cent. The influence of temperature has earlier 
been reported by majority of the workers (Arthur 2000; Kristensen and 
Jespersen 2001). Arthur (2000) reported that the treatment of grasshopper with 
cypermethrin, endosulfan as well as with spinosad reduced the hatching 
potential of insect to considerable amount as compared with the control. 
Kristensen and Jespersen (2001) reported that treatment of insecticides to 
desert locust resulted in reduced hatching percentage in all treatments and the 
order of toxicity was cythion > endosulfan > cypermethrin > monocrotophos > 
spinosad. Similar kinds of results have also been reported by Pandey and 
Narain(1998). 
Growth, development and growth Index 
In the present study the efficacies of cypermethrin and spinosad (0.03%, 
0.04% and 0.05% concentrations) on the growth, development and growth 
index of Acrida exaltata were recorded and it was found that insecticides has a 
marked effect on the growth and development of the insect. 
On treatment with 0.03% of cypermethrin the growth, development and 
growth index was significantly altered. The marked differences in growth and 
development can be clearly analyzed from the data as the survival percentage 
(n) kept declining significantly in comparisons with the control. The survival 
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percentage (n) at 25''C was recorded to be at 67.50 per cent which reduced 
drastically to merely 47 percent at 35°C. 
These figures are highly significant when compared with the control, 
where the survival percentage was 92.50 per cent, almost three times to the 
treatment given with cypermethrin at 35°C. The average hopper development 
was also greatly influenced by the action of cypermethrin. Although the 
average hopper development was not significantly altered at varying 
temperature yet it was greatly reduced in comparisons with the control, where 
the average hopper development took 82 days for males and 90 days for 
females. These figures were much higher than those treated with cypermethrin, 
where the maximum development period at all treatments was 69.00 days on 
an average for males and 72,00 for females. 
The growth index was also greatly influenced by the activity of 
insecticide for both males and females. These findings were in accordance with 
the earlier findings as reported by Ahmad and Khan (1985), who reported that 
the total development of grasshopper reduces to almost half when treated with 
0.05% of cypermethrin concentration. They also observed various 
morphogenetic effects of insecticides. Ahmad and Khan (1985) recorded that 
the survival percentage as well as the average hopper development reduced to 
50 per cent when treated with 0.05% of cypermethrin. The survival percentage 
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(n) as well as the average hopper development period for hopper development 
showed a declining trend when the concentrations were increased from 0.03% 
to 0.04% and later with 0.05%. 
Similar kinds of results have also been reported by some earlier workers 
like Khan and Aziz (1973), Mukerji and Hinks (1984), Atwal (1986) and 
Austin (1998). Mukerji and Hinks (1984) reported that Melanoplus sanguinipes 
(Orthoptera: Acrididae), when treated with cypermethrin showed decreased 
growth and the impact was highly significant. Johnson (1986) reported that the 
application of deltamethrin (Pyrethroid) reduced the growth of grasshopper to a 
considerable amount. 
Others who reported the similar kind of results included Ford and Pert 
(1974), Harris and Kinoshita (1977) and Clements and May (1977). Present 
investigation has added an important parameter of temperature and its 
significant effect has been observed throughout the course of study on the 
survival percentage, growth and development as well as the growth index of 
the test insect. 
The survival percentage can be compared as the impact of temperature 
on the increased toxicity of insecticides has been reported by many researches 
such as Guthrie (1950); Khan and Aziz (1973) and Aziz and Aziz (1985). The 
impact of temperature on the toxicity of insecticides on various other 
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agricultural insects has been reported by many authors like Dhaliwal and 
Arora, (1996). 
Thus it may be concluded that both cypermethrin and spinosad are 
potent having high toxicity for Acrida exaltata and its effects on all stages of 
the insect life cycle (Eggs, Nymphal instars as well as adults). However the 
efficacies of cypermethrin when applied on the nymphal and adult forms were 
somewhat higher than spinosad, where as the effect of various concentrations 
of both the insecticides on the growth, development, growth index and 
hatching was more or less similar. 
It may be said that Insecticides and other pesticides are some of the most 
important chemicals used for the well being of human populations, 
indispensable in maintaining high levels of health, quality surrounding, high 
productivity, disease free crops and improving quality and quantity of our food 
and fiber production. Insecticides are in fact one of the most dependable 
substances that can be employed to manage pests. Indeed, many of the world's 
most serious insect problems can only be controlled by these compounds. 
It is difficult to imagine a technology or a programme that would 
produce the amount of food and fiber and maintain the level of public health 
that we have today without pesticides. Although they are designed to kill, they 
are often live-savers. Although increasingly costly, they bring economic 
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benefits. And while they have opened up many possibilities for improving 
agriculture and health, they have closed others, making us extremely dependent 
on them for our continued survival. The challenge ahead for pest management 
is to reduce our dependency on pesticides. 
Though, the present study deals with the comparisons of the toxic effects 
of the insecticides at various levels, the potent action of one insecticide with its 
greater efficacy over the other serves as a ready reckoner for the selection of 
the insecticide for the pest management programme. 
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